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a  b  s  t  r  a  c  t
Dutch  nutrient  policies  for agriculture  are  generally  implementations  of  European  environmental  Direc-
tives, i.e.  the  Nitrates  Directive  (ND),  the  Water  Framework  Directive  (WFD)  and  the  National  Emission
Ceilings  Directive  (NECD).  We  present  an  evaluation  of  these  policies  with  respect  to  target  achieve-
ment,  effectiveness,  costs  and  beneﬁts.  Implementation  of  the  Nitrates  Directive  decreased  nutrient
surpluses  and  improved  groundwater  quality.  However,  the  nitrate  target  of  50 mg/l was  still  exceeded
in groundwater  in half  of the sand  region.  Ecological  quality  of  surface  waters  improved  slightly,  but
this  improvement  was mainly  due  to measures  for  the  WFD  and  not  to reduced  nutrient  losses  from
agriculture.  The  NECD  reduced  emissions  of ammonia  effectively,  but  critical  loads  of  nitrogen  were
still exceeded  in  the  majority  of  ecosystems.  Health  beneﬁts  of  reducing  the  concentrations  of  ammo-
nia  aerosols  were  however  substantial.  Overall,  nutrient  policies  have  generated  net  beneﬁts  for  Dutch
society:  Annual  costs  were  estimated  to be  500  million  euros  and  societal  beneﬁts  were  estimated  to
be  between  900  and  3700  million  euros.  With  policies  currently  in  place,  the  general  protection  goals
of  the Directives  will  not  be met.  Reaching  more  targets  in  a cost-effective  way  would  ﬁrst  require  bet-
ter  coordination  of  policies  to implement  the  three  Directives.  For  example  65%  of phosphorus  input  to
surface  waters  is  caused  by  agriculture  but the  Dutch  implementation  of  the  WFD  hardly  contains  any
measures  to reduce  nutrient  loads  from  agricultural  soils.  In addition  to  more  strict  national  policies
that  are  better  enforced,  regionally  differentiated  mitigation  options  would  be needed.  The  most  robust
option would  be mining  of soil  phosphorus  by  zero  P-application  in  agricultural  soils  that  affect  sensitive
aquatic  ecosystems.  Where  target  achievement  cannot  be  combined  with  competitive  agriculture,  polit-
ical choices  would  have  to be made  between  ecology  and  agriculture,  or for ﬁnancial  compensation  of
affected  farmers.  A  key  factor  for implementation  would  be redistributing  of  costs  and  beneﬁts  between
speciﬁc  groups  of  farmers  or regions.  This  would  imply  better  integration  of the  Common  Agricultural
Policy  with  environmental  directives.
© 2016  The  Authors.  Published  by Elsevier  B.V.  on behalf  of  Royal  Netherlands  Society  for  Agricultural
Sciences.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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. Introduction
Dutch policies to reduce losses of nitrogen and phosphorus
rom agriculture to the environment have been in place for three
ecades. These policies are generally implementations of common
irectives instigated by the European Commission (EC). In 1991
he Nitrates Directive to reduce nitrate emissions from agriculture
as accepted followed in 2000 by the Water Framework Direc-
ive (WFD), which aims at a good ecological status of waters and, in
001, the EC National Ceilings directive (NECD) to reduce ammonia
missions [1]. National implementation of these directives in the
etherlands halved the surplus of nitrogen since its peak of 250 kg
er hectare in de mid-1990s and considerably reduced the con-
entration of nitrate in groundwater. However, exceedance of the
0 mg/l NO3 target in shallow groundwater under agricultural land
n the sand regions and exceedance of ecological N and P thresholds
n lakes and streams is still common. This raises questions about
he effectiveness and the costs and beneﬁts of current policies and
he proportionality of additional policies and measures to tackle
emaining pollution impacts, relative to trade-offs to agricultural
roduction and competitiveness of farms.
The 25th anniversary of the Nitrates Directive (ND) could be a
ood opportunity to evaluate the achievements of the ND and of
utrient policies in general. The objective of this article is to eval-
ate the achievement of goals, effectiveness and efﬁciency of the
utch implementation of nutrient policies for agriculture, for which
he relevant questions are:
To what extent did the Netherlands achieve the speciﬁc objec-
tives and the general protection goals of nutrient policies?
What is the effectiveness of these policies? How strong is the
relation with the effects on nutrients concentrations in water and
air and their impacts on ecosystems and human health?
What are the societal costs and beneﬁts of these policies? . . .  . .  . . . . .  . . . .  . . . .  . . .  . . .  . . .  .  .  . . .  . . . .  .  . . . . . . .  . . . . .  .  . . .  . . . . . .  .  . .  .  .  .  .  . . . .  . . .  . . . 82
• What are the prospects of meeting the general protection objec-
tives of the directives in the future, taking into account the
effectiveness and costs and beneﬁts of current policies?
We focus on fertiliser and manure policies in the period
1990–2012 taking into account linkages with the WFD  and the
NECD for ammonia (NECD-NH3) and the broader context of aspi-
rations for sustainable agriculture. This evaluation may  provide
useful insights for future implementations of the ND and improved
linkage with the WFD  and NECD-NH3. This paper is based on previ-
ous evaluations of the Dutch fertiliser and manure policies by Refs.
[2–6]. Further, the Dutch experience can be instructive for other EU
regions with high livestock densities like Denmark, Flanders, Brit-
tany, Catalun˜a, the Po valley and the Northern part of Germany and
Poland.
2. Materials and methods
Results are mainly based on Willems et al. [6] and the underlying
detailed reports for the formal evaluation of the Dutch fertiliser and
manure regulation. Prospects for future target achievement were
taken from a scenario study by Van Gaalen et al. [7] and underlying
reports. The following primary data sources were used:
• The Farm Accountancy Data Network (FADN) [8], which contains
data on the use of fertilisers and manure, measures and nutrient
budgets at the farm level;
• The Minerals Policy Monitoring Programme (LMM)  [8,9]. This
programme measures the nitrate and phosphate concentrations
in shallow groundwater and drain water on 437 farms. These
farms were selected using a stratiﬁed sample so that farms were
evenly distributed amongst regions, farm types and farm size;
• The monitoring programme for surface waters dominantly inﬂu-
enced by agriculture (MNLSO) [10];
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The Limnodata Neerlandica and Informatiehuis Water (IHW)
databases, which contain monitoring data for N and P in ditches,
lakes and streams [11];
The Dutch Pollutant Release and Transfer Register (PRTR; www.
emissieregistratie.nl), which contains data on emissions of indus-
trial and agricultural emissions.
The calculation of the economic value of reduced N-pollution
as based on Ref. [12] using standard economic concepts and
ethods for valuation of health impacts or to restore or protect
cosystems.
Data in ﬁgures were taken from the Dutch Environmental Data
ompendium (www.clo.nl) unless stated otherwise.
. Environmental legislation
.1. European legislation
National policies to reduce nutrient losses to the environment
re generally implementations of European directives. Most nutri-
nt related EU-directives were adopted in the 1980s and 1990s and
ypically address emissions of speciﬁc compounds from individual
ectors, like trafﬁc, waste water and agriculture [2]. This approach
as necessary to reduce complexity of the issues and negotiations,
ut also creates risk of inefﬁciency (Section 3.5). The most impor-
ant European directives are described hereafter.
In environmental regulations various terms are used to express
he purpose of the regulation and the legal requirement for coun-
ries, enterprises or persons to satisfy these regulations. We  will
se three terms (based on Ref. [13]):
Environmental goal: this is the general protection goal and the
relevant purpose of the regulation for society, often in the future,
e.g. safe water for every citizen;
Environmental objective: this is a more speciﬁc protection goal
and often an ofﬁcially agreed quantitative purpose, but still at
an abstraction level that is relevant and understandable to theelated to control of nutrient loads from manure and fertiliser.
general public, e.g. halving the nutrient load to coastal seas in
some year relative to a reference year;
• Environmental target: an objective that is exactly speciﬁed in
technical terms: e.g. a target concentration for a speciﬁc com-
ponent in a speciﬁc compartment.
3.2. The nitrates directive
The formal objective of the ND (EC, 1991) [14] is reducing
water pollution caused or induced by nitrates from agricultural
sources and preventing further such pollution, against the over-
arching environmental goal to protect drinking water resources
and aquatic ecosystems by reducing water pollution with nitrates
from agricultural sources (Fig. 1). The ND was  accepted in 1991 and
the ﬁrst national action programme was  implemented in the late
1990s. The introduction of the ND was  a response to the recog-
nition in the 1980s that the increased use of manure from a fast
growing livestock sector had negative effects on water quality and
ecosystems. Application of large volumes of slurry to both grass-
land and arable land led to eutrophication of lakes and streams
fed by runoff and leaching. Hooda et al. [15] attributed this impact
to the move from mixed arable-livestock farming towards greater
specialisation, together with the general intensiﬁcation of agricul-
tural production. In the Netherlands high land prices enhanced
intensiﬁcation [16].
As a ﬁrst step of implementation member states were asked to
identify water bodies that were eutrophic, or that were at risk to
become eutrophic in the future. All known areas of land that drain
into these waters had to be designated as Nitrate Vulnerable Zones.
Land and water are strongly interconnected in the Netherlands and
therefore the Netherlands designated its entire territory as Nitrate
Vulnerable Zone. Measures had to be formulated in national action
programmes for all Nitrate Vulnerable Zones where the nitrate con-
centration in surface and/or groundwater exceeded the target of
50 mg/l for use as a drinking water resource, or where fresh and
marine waters were eutrophic or at risk of becoming eutrophic.
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The ND includes rules for the use of animal manure and chemical
ertilisers. A key measure is that member states should guarantee
hat annual application of N by animal manure at the farm level
oes not exceed 170 kg/ha. A higher rate may  be allowed when it
an be demonstrated that the objectives of the Directive will still
e realised.
.3. The water framework directive (WFD)
The environmental goal of the WFD  is to establish a good status
f all surface waters by the year 2015 [17]. For surface waters, the
ood status comprises a good chemical status and a good ecological
tatus. Good chemical status requires that certain substances do not
xceed a threshold concentration. Good ecological status demands
hat the assemblage of algae, ﬁsh, water plants and macro fauna
hould only “slightly deviate” from a certain reference, which is the
tatus expected in pristine waters of the same type. The WFD  fur-
her requires that nutrient concentrations do not exceed the levels
stablished so as to ensure the functioning of the ecosystem and the
chievement of the values speciﬁed above for the biological quality
lements.
Implementation of measures for the WFD  started in 2009 when
ember states were required to design river basin management
lans (RBMPs). The goals, objectives and measures of the WFD  over-
ap with those of the ND, particularly after the introduction of the
roundwater Directive in 2006, which speciﬁes the groundwater
uality targets for N and P. Phosphorus is often the limiting nutri-
nt in stagnant freshwaters and the prime cause of blooms, but
here are also many systems that are nitrogen limited or where
oth nutrients are limiting. Restoration of a good ecological status
herefore generally requires reduction of both N and P [18–20]..4. The national emissions ceiling (NEC) directive
The environmental goal of the NEC Directive [21] is to protect
he environment and human health against pollutants responsibleals of the different Directives (based on Ref. [3]).
for acidiﬁcation, eutrophication and ground-level ozone pollution
(sulphur dioxide, nitrogen oxides, volatile organic compounds and
ammonia). For this the NECD sets ceilings for each member state
for the total emissions of the four pollutants. Ceilings are set for
speciﬁed periods, providing a stepwise approach to meet the over-
arching environmental goals for EU air quality policies. In this
paper we only discus the NECD for ammonia (NECD-NH3). Possible
measures to reduce ammonia emissions from agricultural sources
are laid down in an advisory code of good agricultural practice
(Annex IX of Gothenburg Protocol ECE/EB.AIR/WG.5/2011/3; see
Ref. [22] for a summary). Large livestock operations must com-
ply with the Industrial Emissions Directive [23], which requires
these operations to apply best available techniques to control
emissions.
3.5. Overlap, synergy and trade-offs between EU nutrient
directives
A general objective of EU environmental directives is to halt the
increase of pollution and to reverse trends to eventually achieve
the ﬁnal goal of maximum protection of ecosystems and humans
at proportional costs for society. Goals, objectives, targets and mea-
sures of the ND, NECD-NH3 and WFD  are clearly linked (Fig. 2). The
instrumental policy approach is, however, different. The ND is a
‘means-oriented regulation’, prescribing a mix  of compulsory and
voluntary measures and instruments. The WFD  is goal-oriented;
member states must ensure that good ecological status of all sur-
face waters is reached by 2027 but have more freedom to choose
and plan their measures. The NECD-NH3 directive takes an inter-
mediate position, where ceilings and recommended measures are
a means to improve achievement of environmental goals. Further-
more, measures for the WFD  are often regionally differentiated,
while those for the ND and the NECD are more generic with
application standards for different crops and soils in the ND, and
recommended NH3 reduction measures for livestock types and
housing systems in the NECD-NH3.
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Pig. 3. Instruments of the Dutch manure and fertiliser act in relation to instrumen
olicy  objectives and the goals of EU directives. 1) mandatory low emission applica
D  and the NECD. 2) Manure free zones are both required for implementation of th
.5.1. Relation between the nitrates directive and the NECD-NH3
The contribution of nitrogen deposition to the total N input of
reshwater aquatic ecosystems is approximately 20–25% [12] both
n the Netherlands and on average in the EU. Ammonia emissions
rom agriculture are a major source for N deposition. This creates
 relation between implementations of the ND and the NECD-NH3.
 possible conﬂict between the implementation of the ND and the
ECD-NH3 is that measures to reduce ammonia losses from hous-
ng, storage and during application of manure will increase the N
ontent in manure and by that increase N surpluses and enhance
itrate leaching, if not accompanied by an overall reduction of N
nputs or additional measures [1]. On the other hand application
estrictions for manure will lead to a more even distribution of
anure N on agricultural land, which may  promote emission of
mmonia.
.5.2. Relation between the nitrates directive and the WFD
The introduction of the WFD  in 2000 also created synergies and
rade-offs. A major goal of the WFD  is restoration of a good ecologi-
al status in all waters, which includes the goal of the ND to protect
ater against eutrophication (Fig. 1). There are, however, two  pos-
ible conﬂicts between the WFD  and the ND, i.e. (i) for achieving
 good ecological status a lower N concentration of 0.9–5.0 mg/l is
eeded than the target that is used in the ND (11.3 mg/l) and (ii) the
D does not address other sources of nutrients such as wastewa-
er treatment plants. For these reasons, the European Commission
ncreasingly suggests a stronger linkage between implementation
f the ND and WFD, for example by using water pricing for agri-
ulture as a future element of greening the Common Agricultural
olicy [24,25].trolling agricultural emission of nutrients in other policies, their effect on national
f manure is part of the soil protection act and contributes to objectives of both the
and WFD. Dashed arrows indicate potential co-beneﬁts of policies.
3.6. Fertiliser and manure policies in the Netherlands
Since 1984 national measures have been taken to reduce the
environmental impact of manure and fertilisers. The current Dutch
approach is a combination of measures to control the production of
manure and measures to reduce the loads to soils and water (Fig. 3).
Since 1991 the Manure and Fertiliser Act basically is the national
implementation of the ND.
3.6.1. Implementation of the nitrates directive
The Netherlands has successfully applied for an allowance of N
inputs from manure to a maximum of 250 kg per ha (‘derogation’)
on dairy farms where at least 70% of land is in use as grassland
[26]. This derogation applies to almost half of the Dutch agricultural
land and is the most extensive derogation in the EU [27]. In view of
insufﬁcient improvement of water quality, the European Commis-
sion limited this derogation from 2015 onwards by increasing the
required percentage of land in use as grassland to 80% and reduc-
ing the maximum manure N input to 230 kg/ha for sand and loess
regions in the centre and southeast of the Netherlands.
Currently, the core of the Manure and Fertiliser Act is a system
of soil and crop speciﬁc application standards for N and P. To meet
the environmental targets of the ND, the application standards
were gradually lowered since its introduction in 2006 (Table 1).
The Dutch application standards include statutory fertiliser equiv-
alencies for N in manure, which are relatively strict compared to
other EU member states [27]. Therefore, statutory equivalencies
were increased for manure N on grazed grassland (from 35% in
2006 to 45% since 2009), for pig slurry N on sandy arable land
(from 60% in 2006 to 80% since 2014) and for cattle slurry (from
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Fig. 4. National excretion and fertilise
Table 1
Application standards for total (fertiliser plus effective manure) nitrogen and phos-
phate in 2006, 2009 and 2015 (in kg N and kg P2O5/ha) for grass and (as an example)
for ware potatoes.
2006 2009 2015
N grassa 290–385 260–340 250–385
N  ware potatoesb 240–300 225–275 210–275
P2O5 grass 110 100 80–100c
P2O5 crops 85 (+10)d 85 50–75c
a Range caused by differentiating between grazing, mowing and between soil
type.
b Range caused by differentiating between soil types.
c Range caused by differentiating between different phosphate statuses of the
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measures to reduce pollution by nutrients from agricultural sources
may not increase the total cost of farmers for taking measuresoil.
d An additional 10 kg/ha P may  be given as mineral fertiliser.
5% in 2006 to 60% since 2010). The current system replaced the
ineral accounting system (MINAS), which aimed at achieving bal-
nced fertilisation at the farm level by setting a small set of N and P
oss standards. However, the EU court of Justice judged that MINAS
as not a correct implementation of the ND, because it implicitly
llowed exceedance of the legal EU limit value of 170 kg/ha N in
anure and because it was a retrospective check rather than an a
riori control system at the start of the season [3,28]. This under-
ines a drawback of the instrumental approach of the ND being
 means-oriented directive rather than a goal-oriented directive
Section 3.5).
To control production of manure, a system of tradable manure
roduction quota was introduced for pigs (1998) and poultry
2001). This system included regional barriers, buying-up schemes
nd compulsory skimming for every trade event (until 2002). The
roduction quota reduced the excretion of P by 15% between 2000
nd 2003 [4]. However, the ambition of the Dutch parliament is
o abolish this system by the year 2017, when the current ﬁfth
ction Programme ends. One reason for abolishment is that in
pril 2015 the milk quota system for dairy ended. Maintaining a
uota system for pigs and poultry could create an imbalance in
ompetiveness with the dairy sector when competing for disposal
ontract of surplus manure to arable farmers. Note that unlike the
roduction quota for pigs and poultry, the milk quota system of
984 is not a nutrient policy; however, it limited manure produc-
ion indirectly. In response to the fast growth of the dairy sector in
nticipation of the abolishment of the milk quota system, the Dutch
overnment announced new policies in 2014 and 2015 to pre-
ent intensiﬁcation and manure disposal problems for dairy farms
nd to slow down the increase of the P excretion. The latter wasr use of nitrogen and phosphate.
necessary to avoid the risk of exceedance of the national P excre-
tion ceiling, which is a condition for maintaining the derogation
[27].
Given a trend to stricter application standards (Table 1) there is
an increasing risk that national or regional production of manure
exceeds the capacity of agricultural land to adsorb the associated
amount of N and P. Therefore, since 2014 the Netherlands has a pol-
icy for compulsory manure processing for a fraction of the manure
surplus at the farm level. For the South of the Netherlands this frac-
tion increased from 30% in 2014–55% in 2016, for the East from15%
to 35%, and for other parts of the Netherlands from 5% to 10%
(https://www.rijksoverheid.nl/documenten/kamerstukken/2015/
12/10/kamerbrief-over-percentages-verplichte-mestverwerking-
2016). Manure processing will increase the cost of manure dis-
posal, but improves exportability of manure products. Further, the
feed industry is developing covenants with livestock farming to
reduce manure and P excretion by reducing the P and protein in
compound feed.
3.6.2. Implementation of the water framework directive
The WFD  has the option for phasing target achievement until
the year 2027 and the Dutch government applied this exemp-
tion to 86% of Dutch surface water bodies. They argued that fully
achieving the WFD  objectives by 2015 would not be possible and
would also not be pragmatic, feasible or affordable. Measures for
the WFD  are described in River Basin Management Plans (RBMPs).
The focus in the Dutch RBMPs is on measures improving the hydro-
morphological status of surface waters. The ratio between the
actually observed ecological quality and the reference is called the
Ecological Quality Ratio (EQR), In the Netherlands, the target value
for good ecological status has been set to 0.6 [29]. Note that the
target value differs between member states and is often not based
on thresholds relevant to the ecosystem [30]. In the Netherlands
most water bodies are classiﬁed as heavily modiﬁed or artiﬁcial.
For these water bodies, a lower target value may  be deﬁned.
The formal Dutch interpretation in the ﬁfth Action Plan for the
ND is that this Action Plan is part of the WFD  programmes of
measures and must help to ensure that emissions from agricul-
tural sources do not stand in the way  of WFD  goals. Further, an
amendment in 2007 by Dutch parliament has ruled that additionalrequired for the ND. Hence, the only nutrient related measure in
the ﬁrst generation of RBMPs was a ban on fertiliser and manure
application close to water bodies with a high nature value.
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.6.3. Implementation of the NEC directive for ammonia
Legal regulations for reduction of ammonia emission during
anure application were already introduced in 1991 to protect
cosystems from effects of acidiﬁcation and N deposition. Regula-
ions to reduce emissions from manure storage and housing were
radually introduced since 1994 and emissions standards per live-
tock unit to achieve the EU NECD-NH3 emissions ceilings came
nto effect in 2008. The ceiling for the period 2010–2019 is 128
ton NH3 and new ceiling are currently negotiated for the period
020–2024 at 13%, and for the period 2025–2029 at 25% below the
mission level of 2005 [31].
. Results and discussion
.1. Evaluation of achievement of speciﬁc environmental
bjectives
.1.1. Nutrient inputs and surpluses
The total consumption of nitrogen fertiliser has decreased by
0% since 1990 and that of phosphate fertiliser by 85% (Fig. 4).
ational animal excretion decreased by 40% for both nitrogen and
hosphate. In the following section we will explore the causes and
onsequences of this large reduction of N and P inputs.
Improvement of groundwater and surface water quality by cur-
ent fertiliser and manure policy is primarily determined by the
radual lowering of application standards for total N and P (Table 1).
he main effect of lowering these standards is a decrease of total
nput to the soil and a decrease of the relative proportion of syn-
hetic fertiliser in total N and P input. As a result the phosphate
nputs on agricultural land now almost completely rely on use of P
n manure, and so on national imports of phosphate in feed.
The surplus of nitrogen and phosphate in the soil balance is an
ndicator of the efﬁciency by which the minerals applied are taken
p by crops and by that of the potential losses to the environment.
ince the start of the manure and fertiliser policy both the nitrogen
nd the phosphate surpluses in the soil balance have decreased.
hosphate surpluses have decreased more strongly than nitrogen
urpluses (Fig. 5). The major cause is the reduction of the use of
hosphate fertiliser, which decreased from 75 million kilogram in
990–10 million kilograms in 2014 (Fig. 4). Reduced inputs and
mproved management of nitrogen in dairy farming are major rea-
ons for a strong decrease of the N surplus in the late 1990s, while
 surpluses in arable farming hardly decreased..1.2. Groundwater
itrate. The nitrate concentrations in shallow groundwater have
ecreased since 1992 in all regions (Fig. 6). ConcentrationsFig. 6. Nitrate in the upper groundwater in agricultural areas for the total and south-
eastern sand region and for the clay region.
decreased most strongly in the ﬁrst decade of adoption of the ND
due to the combined effect of improved awareness of farmers and
regulations laid down in MINAS. Common understanding is that
particularly dairy farmers became aware that the total N applied
as manure and synthetic fertiliser by far exceeded plant demand.
This stimulated farmers to reduce chemical fertiliser inputs beyond
legal requirements yet [5]. So the decrease of nitrate before 2005
was both a direct and indirect effect of legislation, with low ﬁnancial
cost for farmers.
In the clay region the mean nitrate concentration does not
exceed the target value since 2005. However, in the sand region
the average value is above the target value, especially in the south-
ern part of the Netherlands (Fig. 6). This was  the major reason that
in 2014 the derogation for dairy farming in the sand region in the
south of the Netherlands was lowered from 250 to 230 kg/ha N in
manure and the statutory fertiliser equivalency for pig manure was
increased from 70% to 80%. The sand region is highly relevant; it
covers nearly half of the total agricultural area of the country. In
2012 more than half of the dairy farms in the sandy region com-
plied with the nitrate-N target of 50 mg/l of nitrate but less than a
quarter of the arable and intensive livestock farms did (Table 2).
When concentrations are corrected for differences in precipita-
tion between years, there is a strong correlation (Fig. 7, R2 = 0.82)
between the decrease of the nitrate concentration in shallow
groundwater in the sand region and the decrease of the N surplus,
particularly on dairy farms [32]. On average, the nitrate concen-
tration decreases by 0.6 mg/l per kilogram of decrease of the N
surplus. This indicates that reduction of nitrogen surplus likely is an
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Table 2
Area, average nitrate concentration and percentage of farms below the target value of 50 mg/l or less during the period 2007–2010 in the sand region (source: Willems et al.
[6]).
Area (percentage of sand region) Average nitrate concentration (mg/l) Percentage of farms below target value (50 mg/l)
Dairy farms 47.5% 51 55%
Arable farms 16.2% 78 
Intensive livestock 5.7% 130 
Other 24.2% 70 
Fig. 7. Nitrate concentration in the sand region in shallow groundwater and N sur-
plus  per hectare in the sand region. The year of the nitrate obervation is shifted
backward by about one year to make it correspond to is the year of N surplus that
caused the leaching [32].
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various types of manure storage, livestock housing and manureig. 8. Trends of P2O5 surplus and P concentration in the upper groundwater in the
and region. The high P concentrations in 1994 and 1995 were caused by exception-
lly high groundwater tables.
ffective strategy to decrease nitrogen in groundwater. How-
ver, the correlation seems to decrease after 2008. The continued
ecrease of nitrate concentrations could be a delayed response to
he decrease of the N-surplus before 2008 [33].
hosphate. Despite the strong decrease of the P surplus
Figs. 5 and 8), since 1992 the phosphorus concentration in
roundwater does not show a clear trend over time (Fig. 8). This
onﬁrms ﬁndings that the P concentration in groundwater is a
unction of the P saturation degree rather than of the actual P21%
23%
41%
surplus [33]. The Netherlands is an extreme case regarding the
phosphorus content of soils. Chardon and Schoumans [34] and
Tóth et al. [35] showed that more than 50% of soil samples from
the Netherlands (collected using standardised procedures) fell in
the highest category, indicating that no additional P from fertiliser
is needed. However, the phosphorus inputs per hectare by manure
and fertiliser on agricultural land in the Netherlands are still the
highest values within the EU [36,37].
4.1.3. Surface water
In the period 1990–2013, agricultural inputs of N to surface
waters decreased by 37% and those of P by 17% (Fig. 9). In the same
period, nutrient inputs by waste water treatment plants decreased
by 80% due to improved treatment efﬁciency. As a result, diffuse
inputs of N and P from agriculture were the dominant source of
nutrient inputs in 2013 (approximately 60% of the total load for N
and P [7]). Due to variability of precipitation between the years,
the diffuse nutrient loads in Fig. 9 show considerable variability
between the years. This implies that long-term trends cannot be
established based on data from individual years.
The decrease of nutrient loads from agricultural land in Fig. 9 is
primarily caused by generic fertiliser and manure policies. Regional
mitigation measures included in the WFD  and the ND (in particular
fertiliser and manure free zones, wet  buffer zones along streams
and restricted drainage) hardly contributed to the decrease of agri-
cultural nutrient inputs to surface water. Their potential to reducing
nutrient loads is, however, large: When fertiliser and manure free
zones would be installed along all water bodies, N and P loads from
agriculture would be reduced by about 20% [39]. Current imple-
mentation of buffer zones on agricultural land is less than 3% of
what would be possible and therefore hardly reduces total national
nutrient loads.
In 2010, N concentrations were on average 1.5 times above the
quality standard and P concentrations were on average 3 times
above the quality standard (Fig. 10). Nitrate concentrations in fresh
surface waters are low compared to other European countries and
Dutch rivers are relatively hypertrophic. Dutch lakes are often
eutrophic due to high P levels and saline water due to N [40].
Phosphorus showed a stronger decrease than nitrogen, primar-
ily because of improved waste water treatment. Van der Bolt and
Schoumans [41] concluded that the regional mean concentration of
N and P decreased more strongly than the regional median concen-
tration of these nutrients. This suggests a relatively strong decrease
of peak concentrations, which is likely due to restrictions on apply-
ing manure outside the growing season, on steep slopes, on frozen
soils and near water courses. About half of the sampling sites in
regional surface water systems complied with the concentration
targets for either N or P in surface waters [7].
4.1.4. Ammonia emission
Regarding ammonia measures, the effect of policy is reﬂected
most clearly in the national ammonia emission inventories forapplication techniques. These inventories show that the contribu-
tion of agricultural sources to the national ammonia emissions was
85%. Agricultural emissions decreased by 70% since 1990, mainly
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Fig. 9. Total N and P load to surface waters from agricultural sources [from Ref. [38]]. So
non-corrected N and P loads.
Fig. 10. Ratio of P and N concentrations and their respective quality standards
averaged over all WFD  surface water bodies.
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effectiveness of manure and fertiliser policies. Overall complianceFig. 11. Trends of emissions and concentrations in ambient air of ammonia.
ue to mandatory low emission application of manure since 1991
Fig. 11). The contribution of emission from synthetic fertiliser in
013 was 13%. In spite of the 50% reduction of synthetic fertiliser
se (Fig. 4), the 2013 emission of 13.6 kton NH3 was  close to the
evel in 1990 due to a gradual replacement of calcium ammo-
ium nitrate by urea type fertiliser. In the same period, however,lid lines show loads corrected for actual precipitation surpluses and markers show
measured ammonia concentrations only slightly decreased. There
are several explanations for this discrepancy of trends [42]. First,
the decrease of emissions might have been overestimated due to
lack of compliance with regulations for ammonia emissions from
housing and during manure application (Section 4.1.5). Second,
the number of sites where ammonia concentrations are measured
might be too low to capture the high spatial variability of ammonia
concentrations typical for agricultural emissions. Finally, NH3 con-
centrations may  have increased because of the strong decrease of
SO2 in response to acidiﬁcation policies, which reduces formation
and deposition of airborne ammonia aerosols. Huijsmans et al. [43]
reconﬁrmed in 2015 the earlier conclusion that for grassland low-
emission techniques effectively reduce the loss of ammonia while
increasing the availability of N for grass production.
4.1.5. Compliance with manure regulations
The current mean annual cost for pig or poultry farmer to dis-
pose their manure is 15 euros per ton with seasonal peaks up to 25
euros per ton [44]. This can make manure fraud a proﬁtable practice.
All farms have to keep mineral accounts. Compliance with applica-
tion standards is controlled for an annual sample of about 385 farms
and focused on farms at risk of violation. Fines for exceedance of
application standards are between 7 and 11 euro per kg N or P.
There are both statistical and observational indications for viola-
tions. For example, in 2009, 15–20% of intensive livestock farms
did not comply with legal requirements regarding N or P applica-
tion standards [6]. Data for production and export of manure based
on farm accounts to the authorities indicate that the legal space to
apply N and P from animal manure is commonly exceeded in the
sand regions of the Netherlands (Fig. 12). In some municipalities,
application standards are exceeded by more than 35% for P and 25%
for N. This corresponds to exceedance of N application standards
of 60–100 kg/ha and of P2O5 application standards of 25–35 kg/ha.
However, part of this exceedance may  be due to errors in allocat-
ing manure production and transport to speciﬁc municipalities, and
not necessary is the result of violation of regulations.
An empirically established relation between the nitrate concen-
tration in upper groundwater and N surplus (Section 4.1.2) implies
that the exceedance of application standards corresponds to an
increase of NO3 concentrations by 30–50 mg/l. This could explain
the observed exceedance of the nitrate standard in shallow ground-
water in the sand regions including the south (Fig. 6). This suggests
that stricter enforcement of manure regulations can increase theof farms with the manure policies has increased since 2006 to a level
of more than 90% in 2010, but the effect of the non-compliance on
the environment is not clear [6].
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Dig. 12. Utilisation of N and P from animal manure relative to the legal space at mu
nd  P in manure (source: CBS-statline).
There are also compliance problems with regulations for reduc-
ion of ammonia emissions from housing and during manure
pplication. In 2008 11% of slurry application on grassland was not
n accordance with regulation. Furthermore, in 2012, about 75% of
andatory air scrubbers on animal housing for pigs and poultry
id not meet legal requirements. Shortcomings included absence
f registered air scrubbers and air scrubbers that were not in oper-
tion because farmers wanted to save energy. Closer surveillance
as effective and in 2014 only 15% of pig and poultry farms was  in
iolation.
.1.6. Interaction between effects of policies and pollution
wapping
Implementation of Directives since 1990 has clearly changed N
ows in agriculture, and in some occasions the actual timing of
hanges of the manure and fertiliser policy is reﬂected in trends
Fig. 13). For example, the introduction of production quota for pigs
n 1998 slowed down the increase of manure production. Further-
ore, the introduction of the mineral accounting system (MINAS)
n 1998 resulted in an immediate decrease of the use of N fertiliser
3]. There was also an almost immediate effect of the introduction
f mandatory low emission manure application in 1991 on ammo-
ia emissions. However, the drawback of these application rules is
n increase of N content in manure and the application of manure
 slowed down reduction of N leaching due to reduced use of syn-
hetic N fertiliser (Fig. 13; Section 3.5). Nitrate leaching did not start
o decrease until after the introduction of MINAS in 1998..2. Achievement of general protection goals
It is difﬁcult to determine to what extent the goals of the three
irectives regarding human health and ecosystem health havelity level (2013). Data are based on census data for production and net export of N
been achieved because there is no simple, univocal relationship
between water and air chemistry on the one hand and impacts on
human health and ecosystem health on the other hand. Further-
more, ecosystem health is less systematically monitored than water
and air quality, and human health impacts can only be inferred from
epidemiological studies.
4.2.1. Aquatic ecosystems
In the WFD, the occurrence of four species groups (algae, water
plants, ﬁshes and macro fauna) is used as an indicator of ecological
quality (Section 3.3). Ecological quality is evaluated to be good if
all indicator species are present in the right amount. Monitoring
data of 2013 collected by regional water boards indicates that the
number of water bodies that is evaluated as “good” was about 20%
for water plants and macro fauna and almost 40% for ﬁsh and algae
(Fig. 14).
Only 5% of water bodies scored “good” for all four species groups
(“one-out, all-out” principle). The number of water bodies with
a good biological status for one of the WFD-groups increased by
4–12% in the period 2009–2013 (Fig. 14). These changes were
primarily due to measures improving the hydro-morphological
quality of surface waters [7]. Notice, however, that percentages
reported are based on targets for heavily modiﬁed waters, using a
lower reference quality as can be found in pristine aquatic ecosys-
tems of the same type (Section 3.3).
4.2.2. Terrestrial ecosystems
Eutrophication is also a major cause of degradation of terres-trial ecosystems and wetlands (Figure 15). In these ecosystems
nutrient input is mainly by deposition. In 2010 the critical N depo-
sition was  exceeded on 75% of Dutch areas protected under the EU
Birds and Habitat Directive [45]. Approximately 40% of the total N
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Fig. 13. Trend of N ﬂows in agriculture in the Netherlands (1990 = 100) in relation to the timing of changes of nutrient policies.
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f  the Ecological Quality Ratio > 0.6 (see Section 3.3).
eposition is from agricultural NH3 emissions and therefore the NE
-NH3 Directive is important to reduce exceedance of critical depo-
ition loads for these ecosystems. Indeed, more than half of the
ecrease of nitrogen deposition between 1990 and 2013 was the
esult of measures to reduce the ammonia emission from Dutch
griculture such as mandatory low emission manure application
nd the introduction of low emission housing systems.
Despite the reduction of N deposition, the presence of charac-
eristic plant species and quality of the habitats is still unfavourable
n 80% of the Natura 2000 areas [46]. The reason is that the other
tress factors such as habitat fragmentation and desiccation have
ot been taken away [46].
.2.3. Human health impacts of nitrate in drinking water
The percentage of Dutch consumers exposed to drinking water
xceeding the legal EU threshold value of 50 mg/l is negligible.
ore than 99% of Dutch consumers are connected to public drink-
ng water supply for which it is illegal to supply water exceeding
he nitrate threshold [47]. However, this threshold is above the no-
ffect concentration for various possible health effects of nitrateFig. 15. The relative importance of eutrophication as a cause of degradation of
ecosystems in the Netherlands (2012).
in drinking water, and a nitrate target of 25 mg/l is probably more
appropriate [48]. Van Grinsven et al. [47] estimated that in 2005
about 3.5% of the Dutch population was  exposed to drinking water
from groundwater resources exceeding 25 mg/l. Theoretically, this
exceedance would increase the incidence of colon cancer by 100
cases per year (1% of total new patients). In view of this small con-
tribution to the total incidence of colon cancer, it is, however, not
possible to conﬁrm these theoretical numbers by empirical evi-
dence.
4.2.4. Human health impacts of ammonia in air
The absence of a decrease of NH3 concentrations since 2005
(Fig. 11) questions the effectiveness of ammonia measures with
respect to human health. Ammonia is, however, also a precursor
for secondary aerosols, which is a component of potentially harm-
ful particulate matter (PM). In 2005 the average life expectancy in
the Netherlands due to PM exposure was  reduced by 7–13 months,
representing a national welfare loss of 5–25 billion euro per year
[49]. Between 1992 and 2013 PM10 concentrations decreased by
about 50% in both urban and rural areas. The trend of PM2.5, which
is more relevant for human health, showed a similar trend as PM10.
Secondary inorganic components are mainly aerosols of ammonia,
nitrate and sulphate and ammonia aerosols contribute about half to
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Fig. 16. Cost of implementation of fertiliser and manure policies for the agricultural
sector. Costs for manure disposal are net costs which are corrected for payments
of  livestock farmers to arable farmers for acceptance of manure. Administrative
costs include cost for farmers to keep nutrient account, legal costs and administra-
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he total mass of the 2.5 m PM fraction [50]. In absence of ammo-
ia these aerosols would not be formed. As there is no evidence
hat secondary PM is less harmful than other PM components [51],
t can be inferred that ammonia contributes almost half to the total
ealth impact of PM.
.3. Costs and beneﬁts
.3.1. Costs to comply with fertiliser and manure policies
Around 2005 the mean annual cost for the agricultural sector to
omply with fertiliser and manure policies was approximately 500
illion euro (Table 3). The majority of these costs was for the live-
tock sector and constituted 5% of its gross turnover and about 50%
f its added value. For the dairy sector costs were partly compen-
ated by annual savings on fertiliser of 150 million euro, but these
avings were unequally distributed between different farm types
nd regions. Costs consist of administrative costs (including the
osts of yearly mineral accounting by the farmer or an accountancy
gency), costs for manure disposal and costs for e.g. depreciation of
nvestments (Fig. 16). Cost for manure disposal increased after 2006
y about 70 million euro when MINAS with a system of nutrient
oss standards was replaced by a system of application standards
Fig. 16). Cost increased particularly for intensive dairy farmers
ho had to start disposing manure to comply with the applica-
ion standard of 250 kg/ha of N in manure at farm level. However,
dministrative costs decreased because the system of application
tandards was easier to implement for farmers. Costs for manure
isposal increased somewhat in 2011 and 2012. In 2012 the total
ross cost was 278 million euro, of which 44 million euro was
 compensation of pig farmers to arable farmers to accept their
anure [44].
.3.2. Beneﬁts of nutrient policies
Van Grinsven et al. [12] estimated the marginal beneﬁts of
educed emission of N for the EU by linking these emissions to
he actual impacts and the Willingness to Pay (WTP) of people to
revent these impacts. These marginal beneﬁts are used here to
stimate the costs and beneﬁts of manure and fertiliser policies
n the Netherlands (Table 3). The total annual beneﬁts for farmers
nd society of reduced emissions of nitrate and ammonia are esti-
ated to be 2400 million euros per year for the period 2000–2008Table 3). These calculations are, however, highly uncertain (its
ange is 900–3700 million euros per year). The most impor-
ant uncertain factors are [12,52] (i) the dose response relation
etween emissions and impacts, (ii) the relative contribution to
able 3
nnual costs of fertiliser, manure and ammonia policies for the agricultural sector in the
nd  fertiliser prices in 2008. Environmental beneﬁts are based on reduction of ammonia a
revent impacts of N pollution.
Annual costs Million euros 
Costs for farmers 
Manure transport 200 (130–250) 
Manure  administration 125 (90–170)
Manure storage 70
Manure low emission application 60 (40–80)
Housing NH3 reduction 50 (15–80)
Yield reduction 0
Total costs for farmers 505 (350–650) 
Costs  for society 
Control costs 30 
Total  costs (rounded) 530 (400–700) tive  cost for transfer of tradable manure quota. Other costs include depreciation of
investments in equipment for storage and treatment of manure.
these impacts of pollution by various N and P compounds, and (iii)
the WTP.
Despite these uncertainties and not explicitly considering
impacts of phosphate pollution, the results of this cost-beneﬁt
analysis show that it is likely that reduced N pollution by Dutch
fertiliser, manure and ammonia policies have generated substantial
beneﬁts for society but also increased production costs for farmers.
These costs are expected to increase in the coming years, due to
increasing costs of transporting, processing and exporting manure
products to comply with reduced application standards for N and P
(Table 1) and increasing manure production in the dairy sector due
to abolishment of the milk quota system. Also the costs of additional
measures to reduce ammonia emission from livestock housing to
comply with lower emission ceilings will increase.
4.4. Prospects for target achievement
In this section we present an evaluation of current policies with
regard to future target achievement. Focus will be on the year 2027,
because this is the year that a good ecological status of all surface
waters should be achieved to comply with the WFD.
 Netherlands around 2005. N fertiliser savings are relative to fertiliser use in 2000
nd nitrate pollution between 2000 and 2008 and monetisation is based on WTP  to
Annual beneﬁts Million euros
Beneﬁts to farmers
Fertiliser savings 150
Total beneﬁts to farmers 150
Beneﬁts to society
N runoff aquatic ecosystems 1250 (250–2000)
NO3 pollution human health 10 (0–20)
NH3 pollution ecosystems 300 (100–500)
NH3 pollution human health 700 (350–1000)
Total beneﬁts (rounded) 2400 (900–3700)
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Table  4
Cost efﬁciency, reduction potential (target year 2027) and indication of ecological effectiveness of measures to reduce N and P loads to surface waters based on Refs.
[38,39,58,55,56]. Wet  buffer zones are assumed to have a width of 5 m around WFD  waterbodies. P mining is assumed at 10% of the ﬁeld. Cost efﬁciencies are calculated
assuming that all costs are assigned to either P or N emission reduction.
Cost efﬁciency (D /kg) Emission reduction
(million kg yr−1)
Ecological impact
P N P N
Action Plans ND 1100 16 0.4 24.4 Slow P response, high for N
Improved waste water treatment 150 40 0.6 2.0 Low, mainly downstream
Wet  buffer zones 650 50 0.6 7.2 High
Wetlands (helophyte ﬁlters) 350 20 1.6 27.0 High, only downstream
P  mining 400 − 0.7 – Slow P response
(Controlled) drainage 700 − 0.6 – High but only in low-lying areas
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eMaximum NH3 emission reduction application − 
Maximum NH3 emission reduction housing − 
Improved feeding − 
Model calculations indicate that the number of water bodies
ith a good ecological status could increase from the current 4–12%
o 35–50% in 2027 when the proposed package of WFD-measures
ould be fully implemented [7]. The expected improvement in
cological quality would mainly be the result of the widespread
mplementation of measures improving the hydro-morphological
onditions of water bodies, such as the construction of nature-
riendly river banks and ﬁsh ladders, and the re-meandering of
treams. To reach a good ecological status in all surface water bod-
es, the N and P loads to surface waters should be reduced by
pproximately 50% [39]. Measures in the ﬁfth Nitrate Action Pro-
ramme, however, will not reduce nutrient loads from agricultural
oils to surface waters. Due to improvements in waste water treat-
ent, nutrient conditions are expected to improve only slightly.
owever, in some regions, nutrient conditions may  deteriorate due
o the increase of dairy cattle and the associated increase of N and
 excretion since 2012 in anticipation on the end of milk quota in
015. This increase will also increase application of dairy manure
nd N leaching.
Model calculations further indicate that the average nitrate
oncentration in the upper groundwater of the sand region will
ecrease from 57 to 52 mg/l in 2027 and in the southern region
rom 78 to 68 mg/l [53]. In 2030 ammonia emissions are expected to
ecrease by about 10% relative to 2013. Combined with the effect of
eduction of NOx emission this will decrease the nature area where
ritical N loads are exceeded by 7% [54].
So with policies currently in place, the expected reduction of
ollution by nutrients will be small compared to what has been
chieved during the past few decades. The costs for WFD  measures
re, however, substantial. Van Gaalen et al. [7] estimated the total
osts of proposed measures for the WFD  to be around 4.1 billion
uros for the period 2009–2027. Additional costs for farmers are,
owever, small because the Dutch RBMPs hardly contain any mea-
ures to reduce nutrient loads from agriculture (Section 3.6.2). The
dditional costs for the WFD  are therefore primarily covered by
egional Water Boards and households, which may  conﬂict with
he polluter pays principle [7].
. Options for policies to improve target achievement
Our analysis shows that considerable additional effort is needed
o achieve all environmental targets and objectives of the three
irectives. In this section we describe options for future target
chievement and their cost-effectiveness (i.e. D per kilogram emis-
ion reduction).
Implementation of the Nitrates Directive with restrictions on
he application of N and P will signiﬁcantly reduce emissions to sur-
ace waters in 2027 (Table 4). However, the last Nitrates Action Plan
2014–2017) did not further contribute to reduction of nutrient
missions to surface waters because this Action Plan was  primarily– 5 Modest, only N
developed to meet the nitrate target of 50 mg/l in groundwater
[[7]; see also Section 4.4]. Restrictions on application are cost-
effective to reduce the N load to surface waters, but not for P in
view of the slow response of P leaching. To further increase the
cost-effectiveness of nutrient policies while minimizing negative
economic impacts of these policies, application standards could be
differentiated regionally. Criteria for differentiation could be the
sensitivity of agricultural systems to nutrient losses and proximity
of sensitive high value ecosystems. Differentiation of application
standards may  increase the risk of manure fraud. Measures to
reduce manure fraud and exceedance of N and P application stan-
dards are therefore necessary.
To further improve the ecological status of surface waters,
a number of additional measures to improve the hydro-
morphological status could be taken. However, Van Gaalen et al.
[7] concluded that in many surface water bodies the nutrient sta-
tus will remain the limiting factor to achieve biological targets.
Measures to improve water treatment would be attractive because
these are generally more cost-effective than measures to reduce
nutrient inputs from agricultural ﬁelds (Table 4) [39]. Further-
more, measures to reduce point sources show a fast response while
response to measures to reduce agricultural inputs are generally
subject to delays of up to decades. However, measures in agricul-
ture are often the only option to reduce nutrient loads upstream or
in upland lakes where point sources are absent.
In addition to national policies, regionally differentiated miti-
gation measures to reduce nutrient losses from agricultural soils
could be implemented. Such options could include instalment of
buffer zones, mining of phosphorus, (controlled) drainage, preci-
sion agriculture and measures to reduce incidental losses by runoff
and preferential ﬂow (see Ref. [36] for an overview of mitiga-
tion options). Regional mitigation options have a high emission
reduction potential and are for phosphorus generally more cost-
effective than generic restrictions on P application (Table 4). This is
conﬁrmed in pilots initiated by the agricultural sector in close co-
operation with regional authorities (http://agrarischwaterbeheer.
nl/). The challenge is, however, to move from pilot studies to
large scale implementation. As mentioned above, ﬁnancial support
could facilitate implementation. Financial incentives are, how-
ever, not the only key to success. Awareness raising, practicability
and risk perception are equally important [57]. A shift towards
goal-oriented policies that allow farmers greater ﬂexibility in
implementing measures could stimulate innovation and improve
target achievement [58,59].
The most robust and effective option for improving the eco-
logical status of surface waters in the long run is mining of soil
phosphorus by zero P-application in agricultural soils that affect
sensitive surface waters [60]. These soils comprise about 5–10% of
the total agricultural area [53]. The costs of mining of soil phos-
phorus are, however, substantial (Table 4). Costs consist of (i)
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igher costs for manure disposal because the area where manure
an be applied will be reduced by 5–10%, (ii) lower economic
ields per hectare due to the need to use lower value crops for
ining of soil phosphorus, and (iii) risk of crop yield loss due
o soil P-deﬁciency. These costs are highest for those farmers
hat have many ﬁelds with a high soil P status bordering surface
aters.
The costs of the above measures are substantial and may  affect
ompetiveness of the agricultural sector. On the long run policies
ay  need to be developed to transfer back part of the societal bene-
ts of reduced N and P emissions to farmers. In current commodity
nd food markets it is, however, difﬁcult to transfer the cost of
leaner agricultural production to consumers. The quality of the
nal products is not improved by better nutrient management and
onsumers are generally unwilling to pay a bonus, like they increas-
ngly do for food that was produced in an animal friendly way  or for
rganic products. An option could be to compensate farmers; how-
ver, ﬁnancial compensation schemes, e.g. through the Common
gricultural Policy or by national regulation require long negotia-
ions and may  conﬂict with EU regulations about fair competition
nd open access to markets.
Where targets cannot be achieved with additional mitigation
ptions or where ﬁnancial compensation schemes are not possible,
olitical choices have to be made between ecology and farming for
he world market. This would imply that in regions where ecosys-
em values are high (e.g. Natura 2000 areas) nutrient input levels
re limited by ecosystem demands and will not allow fertilisa-
ion rates in accordance to agronomic demand. In the remaining
nd larger part of regions nutrient inputs are set in accordance to
gronomic demand and good agricultural practice. Regions where
utrient inputs are limited will develop more extensive forms of
ixed farming. Continuation of these forms of agriculture is more
eneﬁcial for society than stopping agriculture altogether as it pro-
ides other services than food, such as regulation of water quantity,
arbon sequestration and cultural services [61]. A key factor to
mplement such a policy would be to redistribute costs and ben-
ﬁts between speciﬁc groups of farmers or regions. This would
mply better integration of the Common Agricultural Policy with
nvironmental directives.
. Conclusions
Implementation of the ND has led to a more balanced fer-
ilisation and decrease of N and P surpluses. In response to the
ecrease of N surpluses, also the nitrate concentration in shallow
roundwater decreased. However, the nitrate target of 50 mg/l
s still exceeded at half of the monitoring locations in the sand
egion. Decreasing trends were also found for N and P inputs to
urface waters but the number of water bodies where all four
iological indicators scored “good” was only 5%. Individual indi-
ators improved slightly but this was mostly due to measures for
he Water Framework Directive (better performance of wastewa-
er treatment plants and adjusted hydro-morphology) and not to
educed nutrient losses from agriculture. The NE C-NH3 Directive
as very effective to reduce emissions of ammonia but critical loads
f nitrogen were still exceeded in the majority of ecosystems. How-
ver, health beneﬁts of measures reducing the concentrations of
mmonia aerosols were substantial.
There is a strong overlap in ecological goals of the three direc-
ives; however, reduction of different sources of nutrients is laid
own in single regulated policies. This piecemeal approach causes
isks of inefﬁciency and stagnation of progress. For example 65%
f the current nutrient load to surface waters is caused by agri-
ulture but the Dutch implementation of the WFD  hardly contains
easures to reduce nutrients inputs from agriculture. Therefore Journal of Life Sciences 78 (2016) 69–84
coordination of measures to implement the ND, WFD  and NECD-
NH3 is important.
Nutrient policies have generated net beneﬁts for Dutch society.
The mean annual cost for nutrient related measures was approxi-
mately 500 million euros. Costs were mainly for the livestock sector
and consisted of administrative costs, cost for manure disposal and
costs for depreciation of equipment. Annual societal beneﬁts of
ammonia and nitrate policies were estimated using a willingness
to pay approach and ranged between 900 and 3700 million euro.
The apparent net beneﬁt of 400–3200 million euros suggests that
stricter nutrient policies may  have been justiﬁed.
With policies currently in place, the expected reduction of pol-
lution by nutrients will be insufﬁcient to reach the general goals of
the three directives. The effectiveness of policies could be increased
by better enforcement of manure application standards. To reach
more targets in a cost-effective way, national policies (such as dif-
ferentiated manure application standards and compulsory manure
processing) should be supplemented by regional measures like
buffer zones along water bodies, adjusted drainage, precision agri-
culture and measures to reduce incidental losses by runoff and
preferential ﬂow. The most robust option for the long run would
be mining of soil phosphorus by zero P-application in agricultural
soils that affect sensitive surface waters.
Where target achievement cannot be combined with competi-
tive agriculture, political choices have to be made between ecology
and agriculture. This would imply that in regions where ecosys-
tem values are high (e.g. Natura 2000 areas) nutrient input levels
are limited by ecosystem demands and will not allow fertilisation
rates in accordance to agronomic demand. A key factor to imple-
ment such a policy would be to redistribute costs and beneﬁts
between speciﬁc groups of farmers or regions. This would imply
better integration of the Common Agricultural Policy with envi-
ronmental directives.
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